ABSTRACT V1647 Ori is a low mass star in the L1630 star-forming region that underwent an outburst in late 2003/early 2004. We present post-outburst infrared spectra obtained with NIRSPEC (Keck II) and SpeX (IRTF) and compare these to spectra taken during the outburst. The results show that the temperature -2 -of the hot CO formed in the inner part of the disk has declined by ∼800 K, while the water and CO ice and low-J CO gas features remained unchanged, consistent with previous assertions that the latter, low-temperature features arise in the foreground cloud. The P-Cygni profiles of the Paschen series that were present in the outburst spectra taken in March 2004 disappeared by late 2004. The equivalent width of the helium absorption line at 1.0830 µm decreased from 8.9 ˚A between March and November 2004, evidence that the hot, fast A to 3.9 ẘ ind has decreased substantially. We discuss the implications for categorizing V1647 Ori among the known classes of outbursting young stars.
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Introduction
The outbursting object V1647 Ori is viewed as a cometary-shaped reflection nebula in the Lynds 1630 cloud in Orion (McNeil et al. 2004) . Over the course of the outburst, the brightness increased by ∼5 mag in the I-band (Briceño et al. 2004 ) and ∼3 mag in the J, H, and K-bands (Reipurth & Aspin 2004) . A subsequent search through earlier photographs of the region showed that V1647 Ori also exhibited nebulosity in 1966, suggesting that this may be a periodic event that reoccurs on timescales of decades (Mallas & Kreimer 1978) . Spectroscopic analyses have led various researchers to conclude that V1647 Ori is either an FU Orionis object or an EXor. In such objects, instabilities in the inner disk result in a rapid accretion event and subsequent mass ejection through a powerful wind (Hartmann & Kenyon 1996) . The accretion event was not observed directly and all observations subsequent to the brightening of V1647 Ori point to outflowing rather than inflowing material . While the outburst amplitude of V1647 Ori was similar to that of FUors, the duration of its outburst is thought to be much shorter. V1647 Ori displayed a similar rise time and peak duration to those of EXors, but did not experience the significant variations at maximum that are typical in EXors (Walter et al. 2004) . Recent photometry has shown that rapid fading has occurred and that as of November 2005, V1647 Ori has faded to one magnitude over the pre-outburst level, giving it a fading time much shorter than an FUor (decades) but longer than a typical EXor (weeks to months) (Kóspál et al. 2005) . This has given rise to some uncertainty as to which class of object V1647 Ori belongs and speculation that it is somewhat intermediate between FUors and EXors. V1647 appears to be a pre-main sequence Class I/Class II transitional object . Estimates of the circumstellar mass range from ∼0.05 M � to ∼0.5 M � , primarily due to different assumptions for the dust temperature ( Abrahám et al. 2004; Andrews et al. 2005) . During the outburst, no evidence for shocked gas in H 2 (2.122 µm) was observed. However the P-Cygni profiles of the Paschen and Balmer lines of hydrogen indicated a strong, high velocity outflow (Reipurth & Aspin 2004; Vacca et al. 2004) . This is consistent with the idea that previous outbursts have cleared most of the ambient cloud material in the close vicinity of V1647 Ori. Emission lines of 12 CO (1-0), (2-1), and (3-2) were shown to originate from ∼2500 K gas in an inner accretion disk region (Rettig et al. 2005) . The narrower widths of the low-J CO emission lines are indicative of more distant, warm (∼400 K) material in the inner disk. The low column density and cold temperature (∼18 K) for the absorbing gas suggests that the disk is not oriented close to edge on. This is consistent with Muzerolle et al. (2005) who fit an envelope plus accretion disk (inclined at 50 o ) model to the pre-and post-outburst SEDs.
In this paper, we compare post-outburst high-resolution spectra taken with NIRSPEC from Keck II in July 2004 and moderate resolution spectra acquired with SpeX from IRTF in November 2004 and March 2005 to spectra taken during the outburst (February 2004 for NIRSPEC and March 2004 for SpeX) to look for and characterize variations with time. In section 2, we discuss the observations and data analysis. Section 3 discusses the principal similarities and differences in spectra taken during and after the outburst. In Section 4 we discuss the implications for V1647 Ori.
Observations and Data Analysis
SpeX observations of V1647 Ori were obtained on November 29 and 30, 2004 and March 02, 2005 on the NASA IRTF. SpeX is a moderate resolution (R ∼ 1000-2500) cross-dispersed infrared spectrograph covering the 0.8-5.4 µm spectral region . Observations were performed in an observing sequence ABBA by nodding the telescope along the 15 �� slit where the A and B positions are located approximately one-quarter of the distance from the top and bottom of the slit, respectively. This allows cancellation of telluric absorption to first order while increasing time spent on source.
Details of the observations are given in The data were reduced using the Spextool package ) and the telluric correction and flux calibration methods described by Vacca et al. (2003) . The individual orders were then spliced together. We found that the flux agreement between orders was very good, usually within about two percent. The SXD spectra are shown in Fig. 1 . Table 2 gives the equivalent widths and fluxes for the lines identified in Fig. 1 . Errors are typically 10-20% and are determined from the standard deviation of the noise in the continuum. Note that there are many more weak emissions present on all three nights that are likely due to various metals.
We also observed V1647 Ori on 31 July 2004 in the M band with NIRSPEC on the Keck II telescope. NIRSPEC is a high-dispersion, cross-dispersed infrared spectrometer with a resolving power of ∼25,000 (McLean et al. 1998) , which is sufficient to resolve (v=1 ro-vibrational lines of 12 CO and 13 CO. The data were processed similar to Brittain et al. (2003) . The fundamental CO gas emission and absorption features and the CO ice absorption feature at 4.67 µm are shown in Fig. 2 . We note that the geocentric Doppler shift in July 31 (∼5-10 km/s) was insufficient to shift the narrow absorption lines of 12 CO from their telluric counterparts. For this reason, we restrict the analysis to 12 CO 2-1, 13 CO 1-0, and high-J 12 CO 1-0 transitions which are less affected by Earth's atmosphere.
Results
The SpeX data for V1647 Ori obtained in March 2004 were presented by Vacca et al. (2004) . It was noted that V1647 Ori exhibited a red continuum, very prominent emission lines due to H I Paschen and Brackett series, and strong H 2 O and CO ice absorptions. Also present were Ca II, Fe I, Mg I, Na I, and Ca I emission lines and He I lines in absorption. Prominent P-Cygni profiles in the Pa α, β, and γ lines were reported.
Cold ice and gas
An analysis of the H 2 O and CO ices was presented by Rettig et al. (2005) using the March 2004 SpeX data by Vacca et al. (2004) and the February 2004 NIRSPEC spectra. The ice absorption features were fit to laboratory spectra and found to be consistent with cold (∼20 K) amorphous ice. The CO ice was primarily apolar (CO mixed with a nonpolar species like CO 2 or O 2 ) rather than polar (mixed with H 2 O). Fig. 3 shows the optical depth profiles of water and CO ice on three nights with the laboratory spectrum from Rettig et al. (2005) (Fig. 2) . The narrow, cold (∼18 K) CO gas absorption lines and cold ice, coupled with the Doppler shifted gas absorption (∼6 km/s relative to V1647 Ori) are consistent with the claim (Rettig et al. 2005 ) that the cold ice and gas are due to intervening interstellar material that is not directly associated with V1647 Ori.
Hot CO emission
The CO emission can be divided into two regions: a hot (∼2500 K) inner disk traced by the high-J lines and a warm (∼400K) inner disk traced by the low-J lines (Rettig et al. 2005) . The hot emission provides an excellent probe for measuring the physical and structural changes due to, for example, rapid replenishment of material in the inner disk. Due to the small Doppler shift (∼5 km/s) on 31 July 2004, potential changes to the low-J CO emission profiles could not be determined. However, the high-J lines and the 12 CO 2-1 lines were less affected by telluric features and could be analyzed. An excitation plot of the high-J lines (see Fig. 4 ) reveals an inner disk temperature of 1700 ± 100 K, lower than was determined in February 2004 (∼2500 K). Also, the half-width at zero intensity (HWZI) of the P30 line has dropped by ∼20 km/s, consistent with the derived lower temperature. However, the signal-to-noise ratio is insufficient to determine whether the narrowing of P30 is significant. The implication is that the hot inner disk does not extend inward as far as it did during the outburst. Future observations will be required to determine if physical characteristics of replenishment of the inner disk can be measured with high-resolution spectral observations of hot gas in the inner disk.
H I emission
Key differences in the spectra become apparent when the 0. The Brackett lines tell a different story. On the three nights of observations, they did not show blue-shifted absorption, nor did their equivalent widths change significantly over the course of the observations. It has been noted that Br-γ line luminosities of the classical T Tauri stars are well correlated with the disk accretion luminosities of those stars (Muzerolle et al. 1998) (Rettig et al. 2005; Briceño et al. 2004; Vacca et al. 2004 ) using the extinction correction method of Rieke & Lebofsky (1985) and Cardelli et al. (1989) The He I 2s 3 S → 2p 3 P absorption line at 1.0830 µm was present on all dates. The lower level of this transition is a metastable state that is primarily populated by recombination following photoionization by the extreme UV continuum. It has been observed toward six accreting T Tauri stars (Edwards et al. 2003) where it was found that the line usually penetrates to a depth of >50% into the continuum. In most T Tauri sources, the line is primarily observed in absorption and sometimes exhibits a P-Cygni profile. Dupree et al. (2005) observed the He I 1.0830 µm absorption line toward classical T Tauri stars TW Hya and T Tau. Both objects exhibit a strong P-Cygni profile and the spectra are interpreted to indicate the presence of hot winds. However, for weak T Tauri star V827 Tau the line was absent (Edwards et al. 2003) , implying that disk accretion is connected to the presence of He I 1.0830 µm absorption. Edwards et al. (2003) interpreted the He I line profiles to be due to the geometry of the inner wind where high velocity outflowing gas is produced. In this scenario, the redshifted emission component may be occulted by the star and accretion disk, leaving a predominantly blue-shifted absorption in many sources.
These observations suggest that if the ourbursting source V1647 Ori has a hot inner accretion disk with outflowing gas, the He I line should be observed with a strong blue-shifted component. The lack of emission may be due to occultation by the star and accretion disk. Additionally, we would expect the line to have been stronger during the outburst and weaken with time as the outflow decreases.
This is indeed what has been observed. The blue component of the He I 1.0830 µm absorption line decreased in equivalent width from 8.9 ˚A between March and A to 3.9 N ovember 2004 (see Fig. 6 ). In March, the blueshifted wing extended to >-500 km/s whereas in November, the blueshifted absorption only extended to ∼-300 km/s. This velocity is greater than that associated with the blueshifted H I lines, which may be due to optically thick H I lines sampling slower moving outflowing gas farther from the star. The weak redward emission component (P-Cygni profile) suggested by the March 2004 data was not evident in November 2004 or March 2005 . This would seem to imply that the hot, high velocity wind has slowed substantially since the outburst.
Ca II
On 21 March and 17 April, 2004, Walter et al. (2004) observed the 0.8498, 0.8542, 0.8662 µm Ca II emission lines. They reported a ∼2:2:1 line ratio for the triplet, similar to the pattern often seen in T Tauri and Herbig Ae/Be stars (Hamann & Persson 1992a,b) . In November 2004, the Ca II lines (see Fig. 1a ) had approximately the same equivalent widths (to within 15%), giving a ratio of ∼1:1:1, in agreement with Vacca et al. (2004) . The March 2005 data are also consistent with a ∼1:1:1 ratio. The reason for this variability is unclear.
Conclusion
Arguments have been put forth that V1647 Ori is a FU Orionis type object, typified by a brightening of up to 5 magnitudes and a slow decline over a period of 5-10 decades (Hartmann & Kenyon 1996) . Abrah´ am et al. (2004) claimed the SED resembled those of other FU Orionis objects, and Briceño et al. (2004) suggested that spectroscopic characteristics and luminosity indicated an FU Ori event. Reipurth & Aspin (2004) , on the other hand, argued that the MNO resembles an EXor, characterized by repeated outbursts with shorter durations. Recent photometry by (Kóspál et al. 2005 ) indicate a decay time of about two years, much shorter than the decay timescales for FUors but somewhat longer than that for EXors.
Given the low number of outbursting objects studied to date, it is difficult to classify V1647 Ori. However spectroscopic similarities and differences between V1647 Ori and these classes of outbursting young stars can be compared. In particular, it is interesting to note that FUors studied to date exhibit deep, broad, gas phase water absorption at 1.4 and 1.9 µm (Mould et al. 1978; Sato et al. 1992) , in addition to strong absorption of the CO overtone bandheads near 2.3 µm (Hartmann & Kenyon 1996 and references therein). V1647 Ori, on the other hand, shows no clear evidence of water absorption in the near IR (excepting the 3 µm water ice feature which is thought to originate in an intervening cloud) and the CO overtone bandheads are in emission. This, coupled with the rapid decline, may indicate that V1647 Ori is not an FUor. However, neither does V1647 Ori fit well with the class of EXors. In particular, the significant variations at maximum that are usually observed toward EXors were not observed in V1647 Ori (Walter et al. 2004 ). It may be that the classes of outbursting young stars and their spectral characteristics need to be revisited. Particularly, further studies of spectral characteristics of outbursting young objects are needed.
We have presented similarities and differences in the infrared (0.8-5 µm) spectra of V1647 Ori between March 2004 , November 2004 , and March 2005 . Drastic changes of the Paschen lines of hydrogen and the absorption lines of He I were noted. In particular, the post-outburst line fluxes and profiles suggest that the outflow has decreased substantially in velocity and magnitude. The highly blue shifted component of the He I lines has disappeared, indicating that the velocity of the outflow decreased by ∼100 km/s in the eight to twelve months separating the outburst and post-outburst observations. The CO emission originating in the hot inner disk decreased in temperature from ∼2500 K in February 2004 to ∼1700 K in July 2004. The implication is that the hot inner disk does not extend inward as far as it did during the outburst. This is also consistent with the noted decrease in the HWZI of the P30 line. Further observations are needed to address the issue of replenishment of the inner disk after an outburst event.
For the timescale of these changes, at most we can surmise that the variations observed in the hydrogen and helium lines occur within the first few months after the outburst. Also, higher S/N observations of the CO emission lines are needed to determine the extent to which the temperature and distribution of gas in the inner disk changes prior to, during, and after outbursts. Clearly, outbursting objects need to be monitored consistently on timescales of days to weeks at all wavelengths from the time of the outburst. R(0) P(1) P(2) P(3) P(4) P(5) P(6) R(5) R(4) R(3) R(2) R(1) R(0) R (7) R (6) R(13) R(12) R(11) R(10) R(9) R(8) R (15) R (14) R (7) (1,0) 13 CO R(12) R(11) R(10) R(9) R(8) R ( 
